The absorption of nanosecond laser pulses induces rapid thermo-elastic deformation in tissue. A sub-micrometer scale displacement occurs within a few microseconds after the pulse arrival. We investigate the thermo-elastic deformation using a 1.5 MHz phase-sensitive optical coherence tomography (OCT) system. An analysis of the results shows that the displacement is dominated by the optical absorption. By tuning the excitation wavelength, thermo-elastic displacement spectrum can be extracted, showing the similar features as optical absorption spectrum. By choosing proper excitation wavelength, targeted tissue type can be highlighted, which further enables a new imaging modality, so called thermo-elastic OCT.
The absorption of nanosecond laser pulses induces rapid thermo-elastic deformation in tissue. A sub-micrometer scale displacement occurs within a few microseconds after the pulse arrival. We investigate the thermo-elastic deformation using a 1.5 MHz phase-sensitive optical coherence tomography (OCT) system. An analysis of the results shows that the displacement is dominated by the optical absorption. By tuning the excitation wavelength, thermo-elastic displacement spectrum can be extracted, showing the similar features as optical absorption spectrum. By choosing proper excitation wavelength, targeted tissue type can be highlighted, which further enables a new imaging modality, so called thermo-elastic OCT.
Phase-sensitive optical coherence tomography (phase-sensitive OCT) can detect tissue motion on nanometer-to-micrometer length scales using the phase signal of OCT. Depending on the nature of the excitation, different functional images can be reconstructed, i.e. mechanical stimulus yields elastic-deformation images (optical coherence elastography) [1] [2] [3] [4] , and continuous-wave laser illumination yields photo-thermal deformation images (photo-thermal OCT). The excitations sources are typically with large physical dimension and require relatively long accumulation time (>millisecond). In this study, we use nanosecond laser pulses to induce rapid thermo-elastic deformation in tissue, which can be detected by phase-sensitive OCT within a couple of microseconds.
Previous studies find that short pulse laser causes thermo-elastic deformation in tissue [5] [6] [7] [8] . The absorbed energy first leads to a non-uniform temperature rise in the sample, which causes a rapid thermo-elastic expansion with an elastic wave propagated. A quasi-steady-state regime is reached when the sample reaches equilibrium and the net force of the sample is zero. A relaxation phase is then reached when the stress slowly decay to zero because temperature of the sample becomes uniform due to the heat dissipation.
In a linear and isotropic material, the one dimensional displacement ( , ) in the quasi-steady state follows,
where is the thermal expansion coefficient, is the bulk modulus, is the density, is the sound speed is the absorption coefficient, is the attenuation coefficient is the Poission's ratio, C is the heat capacity and P is the power density of the laser pulse [6] . In this study, we use superfast phase-sensitive OCT to investigate the thermo-elastic deformation focusing on optical absorption. We extracted the displacement spectrum of biological samples and we further introduce a new imaging method called thermo-elastic OCT (TE-OCT)
The TE-OCT prototype consists of a wavelength-tunable pulse laser and a phase-sensitive OCT system. The tunable laser (OPOTEK Vibrant B/355-II) has pulse duration of 5 ns and a repetition rate of 10 Hz. The laser was operated at 500 nm wavelengths with a 
